INTRODUCTION
Grandite garnet and/or chnopyroxene of diopside-hedenbergite series are the most important minerals which characterize the skarn-type ore deposits. They frequently contain a considerable amount of iron. Besides them, the ore deposits of this type are usually composed of calcite, magnetite and quartz with sulfides and oxides as ore minerals. For this reason, the phase rela tions among calcite, andradite, hedenbergite, magnetite and quartz should indicate the favorable conditions of formation of ore bearing skarn.
In this paper, the writer tries to estimate quantitatively the phase relations in the system CaO-FeOB SiO2 under the fluids composed of water and carbon dioxide, on the basis of previous studies of the system CaO-SiO2-CO2 and CaO-FeOR SiO2-O2.
Compositions of phases considered in this paper are shown on a CaO-FeOx-SiO2 plot regardless CO, (Fig. 1) , and listed in Table 1 with their abbreviations and molar volumes calculated from the data complied by Strunz (1970) and Yamanaka et al. (1977) . Table 1 . List of minerals. SOME STABLE REACTIONS IN THE SYSTEM Ca-Fe-Si-C-O AND RELA TIONSHIP AMONG THEM Fig. 2 shows the schematic, isobaric T f co, relations among calcite, andradite, hedenbergite and quartz under a controlled oxygen fugacity. In this diagram, there are apparently four invariant points and eleven univariant curves. These univariant (Manuscript received July 3, 1978) 
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Reaction ( SiO2-CO2 as a function of CO3 fugacity and temperature. Numerals correspond to the number of reaction (see Table 2 ). Capital letters in circles show isobaric, f02 -defined invariant points (see Table 4 ). Abbreviations are shown in Table 1 and Fig. 1 . Table 2 . Volume changes, enthalpy changes and entropy changes of some stable reactions in the system CaO-FeO-Fe202-Si02-C027% (at atmospheric pressure).
* Gu=Gustafson (1974) , Gw=Greenwood (1967), H-T=Harker and Tuttle (1956) , K=Kurshakova (1971a,b) , L=Liou (1974 ), S 1=Shoji (1976b ), S2=Shoji (1977 , T-L=Taylor and Liou (1978) Reaction (9) On the estimation, Lewis' rule (ideal mixing of fluids) has been assumed, and fugacity data of carbon dioxide and oxygen, except that of the Pb-PbO buffer (see Appendix), have been taken from Me,7ni (1971) and Huebner (1971) , respectively.
REACTIONS (1) TO (4)
At first, let us consider the stability relations among wollastonite, andradite, hedenbergite, magnetite and quartz. isobaric invariant point I, where the assemblage wollastonite-andradite-hedenbergite-magnetite-quartz is stable. Solid lines represent the isobaric univariant phase relations, and dotted lines buffer curves. Numerals correspond to the num ber of reaction (see Table 2 ). Abbreviations are shown in (1970,1971a, b) T plot of the experimental data on Re action (3) reported by Kypmaxoea (1970 Kypmaxoea ( , 1971a and Liou (1974) . Open symbols indicate reaction to andraite-quartz; closed symbols to wollastonite (or ferrobustamite ?)-hedenbergite. demonstrated as equilibrium. For this reason, the writer believes that the values obtained from the results of Gustafson (1974) are more accurate than those on the results of I£ypniagosa (1970, 1971a) and Liou (1974) *.
The enthalpy and entropy changes of Reaction (4) can be calculated using equa tion (3) or (4). They are 47.4 kcal and 16.7 cal. deg-1 respectively (Table 2 ).
The enthalpy and entropy changes of Reactions (1) to (4) are listed in Table 2 , and the f o.-T relations of the reactions * There are two other reasons that the writer considers thus . (i) On the basis of the results of "K"…"‚ ‡V"p"{"€"r"p (1970, 1971a) and Liou (1974) Table 3 . The log fco2-log fo2-Pf-T relations of the equilibrium boundaries for Reactions (5) to (11) are also listed in Table 3 . Tables 2 and 3) . Capital letters in circles show the isobaric, foe -defined invariant points (see Table 4 ). Abbreviations are shown in Table 1 Ilastonite) have been reported from many skarn-type ore deposits of Japan (e.g. Matsueda, 1973a; Shimazaki and Yama naka, 1973) . The composition of fer robustamite is Ca5FeSi6O18 on the join CaSiO3-CaFeSi2O6. For this reason, if fer robustamite is stable, the tie-line between andradite and quartz is cut by the reaction, 4Ca3Fe2Si3O12+8SiO2 =Ca5FeSi6O18+7CaFeSi2O6+2O2, (Al) instead of Reaction (3). Accordingly, ferrobustamite may have been formed by the syntheses carried out by ItypmasoBa (1970, 1971a) and by Liou (1974) . The formation of ferrobustamite is one of the Reactions (Al) to (A6) to contain ferrobustamite. The log foe 1000/T relations of Reactions (1) to (3) are shown in Table 3 . Dashed lines indicate the equilibrium boundaries to be exlcuded from Fig. 3 because of the appearence of ferrobustamite. Dotted lines represent log fo2-1000/T relation of magnetite-hematite (MH) buffer, Ni-NiO (NNO) buffer, and fayalite-magnetite-quartz (FMQ) buffer (after Huebner, 1971 (Matsueda, 1973a (Matsueda, , b, 1974 Shimazaki and Yamanaka, 1973; Shimazaki and Bunno, 1976; Matsuoka, 1976; Sato, 1978; Matsueda and Arai, 1978 7a) .
If the entahlpy change of Reaction (Al) is smaller than the previously stated value in equilibrium state, the slopes of equilibrium boundaries for Reactions (Al) and (A3) are gentler than those shown in Fig. 7a , and then Reaction (A2) takes place at a lower temperature. It is expected, however, that the slope of line (Al) is surely steeper than that of line (3). If the slope is gentler, ferrobustamite breaks down to the assemblage wollastonite-hedenbergite with the increasing temperature, as shown in Fig.  7b . This does not agree with the considerations of Rutstein (1971) , Shimazaki and Yamanaka (1973) and Matsueda (1974) , according to which ferrobustamite exists stably between wollastonite and hedenber gite at high temperatures.
The schematic Xco, T diagrams ( Fig.  8 ) of some equilibrium boundaries in the system CaO-FeO-Fe2O3-SiO2-CO, involving ferrobustamite were drawn on the basis of Fig. 6d . At low temperatures, ferro bustamite breaks down to the assemblage wollastonite-andradite-quartz or the assemblage wollastonite-hedenbergite by Reac tion (A3) or (A2), respectively. Reactions (A3) and (A2) take place respectively at the higher and lower oxygen fugacities than that defined by the assemblage wollastoniteandradite-hedenbergite-quartz. Consequently, two diagrams corresponding to the high and low oxygen fugacities are illustrated in Fig. 8 .
Compared with Fig. 7d , more six iso baric, fos defined invariant points appear in Fig. 8 . The mineral assemblages at the points are as follows: calcite-ferrobustamiteandradite-hedenbergite-quartz at B', calcitewollastonite-ferrobustamite-andradite-ma gnetite at C', calcite-wollastonite-ferro bustamite-andradite-quartz at P, calciteferrobustamite-andradite-hedenbergite-mag- -CO2 involving ferrobustamite as a functions of CO2 fugacity and temperature. The upper (a) and lower (b) diagrams correspond respectively to the higher and lower oxygen fugacities than that represented by the assemblage wollastoniteandradite-hedenbergite-quartz. Capital letters in circles show the isobaric, foe-defined invariant points. The mineral assemblages are as follows: calcite-ferrobustamite-andradite-hedenbergite-quartz at B', calcite-wollastonite-ferrobustamite-andradite-magnetite at C', calcite-wollastonite-ferrobustamite-andradite-quartz at P, calcite-f errobastamite-andradite-hedenbergitemagnetite at Q, calcite-ferrobustamite-hedenbergite-magnetite-quartz at R, and calcite-wollastonite-ferrobustamite-hedenbergite-quartz at S. Abbrevia tions are shown in Table I and Fig. 1. netite at Q, calcite-ferrobustamitehedenbergite-magnetite-quartz at R, and calcite -wollastonite -ferrobustamite -hedenber gite-quartz at S (unstable at low oxygen 242 Tetsuya Shoji fugacities, i.e. f o, <wo-ad-hd-qz assemblage, Fig. 8b ).
DISCUSSION
At oxygen fugacities lower than the value represented by the FMQ buffer, not only fayalite but also ferrotremolite is stable (Ernst, 1966) . Since these minerals are scarcely found in skarn, they do not be discussed in this paper. Accordingly, Figs. 6b and d represent the phase relations at the value slightly higher than the oxygen fugacity defined by the FMQ buffer.
Figs. 6 and 8 are significant only on the condition where the oxygen fugacity in the system is controlled by the NNO or FMQ buffer. Such condition seems to simulate well the formation of skarn for the following reasons: (i) It is expected that the oxygen fugacity during the formation is buffered by any of reactions, or that it is controlled by the nature of H2O-CO, fluid.
(ii) The curves of solid oxygen buffers are approximately parallel to one another (e.g. Fig. 7 ). (iii) Many of univariant as semblage involving skarn minerals, such as Reactions (2), (3) and (Al), show the f o, T relation which is slightly steeper than the buffer curves, but approximately parallel to them (Fig. 7) . (iv) The f o, T relation of H2O CO2 fluid with excess carbon, by which the fluid drops in oxygen fugacity, is ap proximately parallel to the buffer curves (Shoji, 1978) . Consequently, the following discussion is carried out for the system, whose oxygen fugacity changes parallel to any of the solid oxygen buffer curves.
The difference between Figs. 6 and 8, which is caused by the existence of ferrobustamite, appears most distinctly at the isobaric, f o.-defined invariant points. Though point A is not drawn in Fig. 8 
, (8) and (10) have been 0.3-1 mole % at the place along the boundary between the andradite and hedenbergite skarns (Fig. 6) . The similar zoned skarn is observed in the Doshinkubo deposit, the Chichibu mine, Saitama Pre fecture, where the zones are characterized by garnet, magnetite and hedenbergite from quartz diorite to marble (Shoji, 1975) . Each zone consists more or less garnet, clinopyroxene and calcite, but free from quartz. The mineral assemblage indicates that the zoned skarn was formed under the condition represented by the triangle restricted by lines 7, 9, 10 in Fig. 2 . If this zoned skarn also was formed under the same condition assumed for the Yaguki mine, the CO2 content is inferred to have been 0.3-1 mole % (Fig. 6) . Both of the inferred values are equal to each other, because line 7 passes through the vicinities of lines 9 and 10. The zoned skarns of both mines are inferred to have been under the similar condition, but by the different mechanism. In the Chichibu mine, the formation of zoned skarn was due to the different rate of migrating ions. On the contrary, the causes forming the zonal ar rangment in the Yaguki mine are not only the difference among migration rates, but also the CO, content of skarn-forming fluid.
CONCLUSION
The phase relations among calcite, wollastonite, ferrobustamite, andradite, hedenbergite, magnetite and quartz have been considered on the basis of previous work.
(1) Table 3 and Fig. 6 shows the equilibrium boundaries for Reactions (1) to (11) in H2O-CO, mixtures under fluid pressures of 1000 bars and 2000 bars.
(2) Fig. 7 shows the schematic fo2-T 
